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Dissertation Summary 
 
Monitoring of natural disasters using differential 
interferometric synthetic aperture radar analysis of JERS-1 and 
ALOS PALSAR data 
 
The availability of natural disaster database is still lacking in tropical 
regions, since mapping natural disaster over a large area requires a great deal 
of time and funding. In comparison, remote sensing data are now widely 
employed for various monitoring purposes, but they have not yet been utilized 
effectively and efficiently by end users. The use of remote sensing data can 
contribute to map disaster attributes on a variety of scales ranging from 
community, regional and global scale. The advancement of remote sensing 
technology has contributed to a significant level in reducing the amount of 
destruction caused by natural disasters. The objective of this research is to 
measure the earth surface changes due to the natural disaster occurrences 
such as landslide, volcano surface deformation and land subsidence using the 
advancement of remote sensing technology of Differential Interferometric 
Synthetic Aperture Radar (DInSAR) technique.  
The target areas of the study are in tropical region of Jeneberang 
Watershed in Sulawesi Island, the city of Makassar, Indonesia, and Volcanic 
Island of Miyakejima in Japan. The chosen applications implemented in 
Indonesia is due to the fact that Indonesia is prone to natural disaster where 
its position of being squeezed geologically by three major world plates and this 
fact makes Indonesia one of the most dangerous countries regarding natural 
disasters. Moreover, local governments and responsible bodies have not been 
able to monitor the disaster stricken area because of the lack of spatial 
information supporting the decision making regarding the land condition. The 
lack of detailed and accurate susceptibility maps make it generally quite 
difficult to evaluate the extent of area affected by floods and or landslides. 
Thus, the establishment of a comprehensive database of disaster inventory is 
urgently required. Using the DInSAR method was expected to complement the 
spatial analysis of creating the disaster inventory. This dissertation also 
includes a research on Miyakejima volcano, one of the most active volcanoes in 
Japan that currently is still producing volcanic gas, which therefore is 
significant to monitor using a DInSAR method. 
The method used in this research is called DInSAR,  a technique 
claimed to be useful for accurately detecting the ground displacement or land 
deformation in the antenna line-of-sight (slant-range) direction using 
Synthetic Aperture Radar (SAR) data taken at two separate acquisition times. 
The use of SAR data is advantageous for the tropical areas for its nature of 
SAR system having its own illumination transmits to the target and recorded 
by the satellite sensor, compared to a passive system where the 
electromagnetic wave source is from the illumination of the sun. This will 
make it possible to have the target areas observed in the night time and for the 
microwave to penetrate the cloud and vegetation canopy. The DInSAR 
processing varies from single-pass, two-pass and repeat pass interferometry. 
In this research the two-pass interferometry was used. The processing flow 
creates interferogram images from 2 different acquisition images which used 
as a master and slave image, digital elevation model (DEM) generated from 
the phase difference information and phase unwrapping. The output gives the 
deformation map that can be further processed to have the rate of deformation.  
Some errors contribute to the final product of the DInSAR images such as 
processing errors, atmospheric conditions, orbital and volume errors. The 
DInSAR method is complementary to ground-based methods such as leveling 
and global positioning system (GPS) measurements, yielding information in a 
wide coverage area even when the area is inaccessible. This dissertation 
explains the ability and advantages of DInSAR as an efficient and cost-
effective method compared to conventional ground survey for disaster 
monitoring in tropical area, especially landslides, volcanic surface deformation 
and land subsidence in one of the Indonesian cities.  
Japanese Earth Resource Satellite (JERS-1) SAR and Advanced Land 
Observation Satellite (ALOS) Phased Array L-Band Synthetic Aperture Radar 
(PALSAR) images were used to generate DInSAR data in measuring the 
surface changes. Conditionally, due to the DInSAR capability of monitoring the 
surface changes on earth, the changes must be in a state of slow movement. 
The optical satellite images were also used to complement for georefencing and 
spatial analysis for the research conducted in the three different applications 
of DInSAR.  
The first target area is study on landslide incident occurred in March 
2004, Some of the mechanical factors that enhanced this landslide are the 
tremendous height of the side wall of the caldera, fragility of the bedrock of the 
side wall, and susceptibility to erosion of the accumulated sediment inside the 
caldera (Hasnawir, 2006). The study hypothesized that before the landslide 
occurred, there should be cracks existing along the sliding wall. Having the 
cracks data being recorded after the landslides, we used JERS-1 SAR data of 
1993-1998 acquired during the wet season which gave 6 pairs of DInSAR 
images that can be analyzed. The result of the image processing indicates 
slight movement of slope in Jeneberang Landslide area prior to the landslide 
event. This is confirmed with the crack measured in the field campaign 
especially in the line where the head of the landslide occurred. Other potential 
areas for future landslides were delineated  into a landslide susceptibility map.  
The continuous collapse of the caldera rim of Miyakejima Volcano 
situated at the southern islands of Tokyo was also picked by the image 
measurement validated by GPS measurement in the field. The data used for 
this study was 5 scenes of ALOS PALSAR images acquired in 2007-2008 which 
made the DInSAR processing output of 4 pairs. The ground observation also 
confirmed the collapse of the caldera in line with the satellite observation 
dates. GPS measurement supplied from the Geological Survey Institute (GSI), 
Japan installed in 4 different location on the island has confirmed the 
fluctuation of the volcanic activities which cause the continuous collapse of the 
rim of the Miyakejima volcano. 
 In particular sites of Makassar city, in South Sulawesi, Indonesia, land 
subsidence of as much as 15 cm was shown from the analysis of detailed 
DInSAR processing using JERS-1 SAR data acquired from 1993-1998 ranging 
over the months of March-October. Field observation has confirmed the 
continuous subsidence occurred in the north part of the city. The main cause of 
land subsidence in previous studies on city subsidence is considered to be the 
exploitation of excessive groundwater. Although the cause of subsidence in 
Makassar needs to be further studied, but the indication has shown subsidence 
occurred in high populated area.  
In summary, this study has demonstrated the capability of the DInSAR 
method in monitoring earth surface deformation for landslide, volcano as well 
as urban areas with a wide spatial coverage. Despite the fact that not all 
processing pairs resulted good coherences due to some factors, the DInSAR has 
indicated the surface changes in the three applications. The accuracy of the 
deformation detected is adequate for JERS-1 data and more accurate from 
ALOS PALSAR data and this can further be improved by increasing the data 
availability with shorter revisit cycle, more accurate geodetic data and better 
performance of processing software. 
 
